INTRODUCTION
L. monocytogenes is a Gram+ bacterial pathogen causing severe opportunistic infections in man and animals. It is able to survive and to multiply within phagocytic host cells such as macrophages and thus has been named a 'facultative intracellular bacterium'. The uptake of L.
monocytogenes by phagocytes induces a significant oxidative metabolic burst in these cells, resulting in the release of bactericidal superoxide radicals into the phagosome (McGowan et al., 1983 ) . Superoxide dismutase (SOD; EC 1.15.1.1) converts superoxide into hydrogen peroxide, which then is metabolized by catalases and peroxidases. On the one hand, this enzyme is part of the common defense mechanisms of aerobic bacteria against endogenous oxidative stress. On the othcr band, Iisterial SOD can counteract the oxygen-dependent defense mechanisms which play an important roJe in the killing of bacteria by phagocytic cells. Therefore, SOD is considered to be a putative virulence factor of Listeria ( Chakraborty and Goebel, 1988) .
Recently the sod gene has becn cloned from the animal pathogen L. ivanovii using genetic complementation of an E. coli sodA/sodB double mutant, grown under aerobic conditions on minimal medium containing paraquat (Haas and Goebel, 1992) . L. monocytogenes is clearly distinct from L. ivanovii with regard to biochemical and serological characteristics (Rocourt, 1988 Carlioz and Touati, 1986) . In cantrast to E. coli DH5:x, strain QC779 is rcstrietion proficicnt and thus not suitable as a primary host for hetcrologous DNA. Thc resulting E. coli QC779 transformants were plated onto sclcctivc LB agar containing I 00 Jlg Ap/ ml and 0.05 mM paraquat (melhyl viologen, Sigma Chcmical Co., St Louis, MO). which induces intracellular supcroxide generation (H assan, 1988) . and grmvn aerobically at 37 "'C. Und er lhcsc conditions E. coli QC779 cells which do not harhour a rc-sod gcne cannot grow. After 15 h of incubation, 18 clones resistant to paraquat-induccd superoxidc gcncration \Verc isolated alt containing a rc-plasmid with an identical 2.17-kb insert of L. nwnocytogenes DNA. Rctransformation of E. coli QC779 with lhcsc rc-plasmids reproducibly yicldcd transformants which were rcsistant to paraquat-induced oxidativc stress.
Celllysates from the positive cloncs wcrc electrophoresed on nondcnaturing PA gcls and stained for SOD activity (Beauchamp and Fridovich. 1971 ) . All clones showed a SOD activity band which comigrated with thc authentic L. 11Wnoc_vtogenes SOD (Rrvalue 0.64 relative to bromophenol bluc on 12.5'";, PA gcls) (Fig.2) . Thc E. coli SODs migratcd at clcarly distinct positions (R 1 valucs 0.1 ~ for Mn-SOD, 0.51 for Fe-SOD and 0.34 for hybrid E. coli SOD; Fig.2 ). This suggcsted that a fu\1 lmsod genc has been selectively cloned by this procedurc. The re-plasmid from one of the isolalcd clones (pAHA8) was chosen for further analysis.
Sclcction procedures rep,ortcd so far for thc isolation of rc-sod gencs by gcnctic complementation in E. coli always used paraquat-containing minimal mcdia. and positive cloncs wcrc dctectcd within threc days aftcr transformation (Nakayama. 1990 : Van Camp ctal., 1990 Haas and Goebel, 1992) . Our improved method gave a higher yield of positive cloncs which can bc detected after onc day of incubation.
(h) Nucleotide sequence analysis of pAHA8
The nt sequcnce of the completc insert of pAHA8 was dctcrmined. It comprised 2170 bp with a G+C-conlcnt of 36~·;,, typical for Lisleria DNA. The ORF ofthe /m.md gene spanncd 606 bp and is shO\vn in Fig.l , together with lhc 5'-and 3' -noncoding rcgions. It coded for a prolein of 202 aa with a calculated M .. of 22 631, which is in a good agrccment with thc 24 kDa detcrmined by SOS-PAGE (not shown) of celllysales and of L. mvnocyrogene.1· SOD purified as prcviously described (Haas and Goebcl. 1992) (Haas and Goebcl, 1992) .
(c) SOD activity of various Escherichia coli sod mutants containing pAHA8 It has prcviously bcen shown that subunits of thc rc-L iranVI'ii SOD form cnzymatically activc hybrid s in vivo with subunits of both E. co/i SODs (Haas and Gocbcl. 1992) . Hcrc wc show that such a hybrid Formation also occurs in E. co/i harbouring the re-lmsod gcnc on pAHAS (Fig.2) .
As has been mcntioncd above. in cell lysatcs prcparcd from E. coli QC779.mdA25sodBLJ2[pAHA8] only onc SOD activity band comigrating with L. nwnocytogenes SOD could be detected (Fig. 2, (Fig.2. lanc 7) . Onc of thcsc ac- Flamm et al. ( 1984) . Plasmids were isolatcd from E. coli by an alkalinc Iysis procedure, DNA manipulation and analysis wcrc pcrform·ed according to Maniatis et al. (1982) , except for the ligation during construction of the library (Pecenka et al., 1988) . Rccombinant E. coli DHSct with DNA inscrts in pTZ 18R wcre identificd by thc ß-galactosidasc complcmcntation assay (Maniatis et al., 1982) . Restrietion fragments from thc pAHA8-insert wcrc subcloned into pTZI8R and thc nt scquenccs from both strands werc dctermined by the dideoxy chain-termination method (Sangcr ct al.. 1977) . using a plasmid-scquencing protocol (Pharmacia DNA sequencing kit, 8'\, PA-14"· 0 urea (w/w) gels). M 13 universal and reverse primers as weil as oligodeoxyribonuclcotidc primcrs (approx. 20 nt) wcrc synthesized on a 380A DNA synthesizcr (Applicd Biosystems).
tivities (Rrvalue 0. 61) also appeared in E. coH QC781 (sodA, Mn-SOD-deficient; Carlioz and Touati, 1986) . This band migrated between E. coH Fe-SOD and L. monocytogenes SOD. The other activity (Rrvalue 0.47) correlated with the expression of the E. coli Mn-SOD in strain QC870 (sodB, Fe-SOD-deficient; Carlioz and Touati, 1986) and migrated between Mn-SOD and L. monocytogenes SOD (Fig.2, lane  1 ) . From these results we concluded that these activities constitute enzymatically active hybrids between one subunit of thc L. monocytogenes SOD and one of the E. coli Fe-SOD or Mn-SOD, respcctivcly. This assumption is supported by the fact that seven out ofthe eight aa residues involved in subunit contact of B. stearothermophilus SOD (Parker and Blake, 1988b) are conserved in both E. coli SüDsand in the L. monoc_vtogenes enzyme (see also Fig.l) .
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( e) Conclusions
(1) U sing an improved protocol for the gcnctic complcmentation of an E. coli sodA/sodB double mutant, the sod gene from L. monocytogenes was selectively cloned from a plasmid library. The aa sequence of the L monocyrogenes enzymc is almost identical to thc previously charactcrizcd SOD from L. iwuzovii and closcly related to Mn-SüDs from other organisms.
(2) L. monocytogenes SOD and both E. co/i SüDs form cnzymatically activc hybrids in vivo, probably duc to the high homology of aa in the contact region of thc cnzymc subunits. The nt sequcnccs homologaus to lmsod could bc detected in all species of the genus Listeria.
(3) Survival of L. monocytogenes in phagocytic cclls is a crucial stcp in the development of Iisterial infections. SOD may play an important rolc in this process sincc it contributes strongly to thc bacterial defensc against toxic oxygcn metabolitcs generated by the phagocyte. Recently it has been shown that SOD contributes to the pathogenicity of two other facultativc intracellular bactcria, Nocardia asteruides (Beaman and Beaman, 1990 ) and most probably also Shigella flexneri (Franzon et al., 1990) . The availability of the sud genc from L. monocytogenes, the most virulent Listeria species, will enable investigations on the synthesis and function of this enzyme within the infected cell. Rccently, using the cloned gene, we have constructed by insertional mutagenesis a sod-deficient mutant of L. monocytogenes. Experiments with this mutant are in progress and will hclp to clarify the role of SOD in Iisterial infections. t\CKNOWLEDGEMENTS We are indebted to D. Touati (Paris) for providing us with the E. coli sod mutants. We thank M. Wuenscher for critical reading ofthe manuscript and M. Dumbsky as well as M. Keil for exccllent technical assistance. This work was supported by grants from the Bundesministerium für Forschung und Technologie (BMFT 01KI88059), the Fonds der Chemischen Industrie (to J. K.) and by a fellowship to A.H. from thc Boehringer Ingelheim Fonds.
